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Recently amorphous oxide semiconductors (AOS) have gained commercial interest due to their low-temperature pro-
cessability, high mobility and areal uniformity for display backplanes and other large area applications. A multi-cation
amorphous oxide (a-IGZO) has been researched extensively and is now being used in commercial applications. It is
proposed in the literature that overlapping In-5s orbitals form the conduction path and the carrier mobility is limited
due to the presence of multiple cations which create a potential barrier for the electronic transport in a-IGZO semicon-
ductors. A multi-anion approach towards amorphous semiconductors has been suggested to overcome this limitation
and has been shown to achieve hall mobilities up to an order of magnitude higher compared to multi-cation amorphous
semiconductors. In the present work, we compare the electronic structure and electronic transport in a multi-cation
amorphous semiconductor, a-IGZO and a multi-anion amorphous semiconductor, a-ZnON using computational meth-
ods. Our results show that in a-IGZO, the carrier transport path is through the overlap of outer s-orbitals of mixed
cations and in a-ZnON, the transport path is formed by the overlap of Zn-4s orbitals, which is the only type of metal
cation present. We also show that for multi-component ionic amorphous semiconductors, electron transport can be
explained in terms of orbital overlap integral which can be calculated from structural information and has a direct
correlation with the carrier effective mass which is calculated using computationally expensive first principle DFT
methods.
I. INTRODUCTION
Large area thin film device applications such as active-
matrix (AM) flat panel displays and flexible electronics re-
quire high uniformity with low processing temperatures. Hy-
drogenated amorphous silicon (a-Si:H) had been used widely
as the active channel material in thin film transistors (TFTs)
because of its low fabrication cost and high areal homogene-
ity up until the last decade2–5. Since 2010, a-Si:H based
thin film devices have been actively replaced with either low-
temperature polysilicon (LTPS) which offers higher mobil-
ity but suffers from non-homogeneity6,7 or amorphous metal-
oxide based TFTs for large area applications such as display
backplanes. Over the past decade, metal oxide semiconduc-
tors have been studied intensively and used in many thin-film
based devices8–13. In case of polycrystalline single metal ox-
ide semiconductors, such as ZnO, SnO2, In2O3, Ga2O3 etc.,
the conduction band is made of large overlapping s-orbitals of
metal cations (with electronic configuration (n-1)d10ns0). The
overlap between metal s-orbitals remain insensitive to any M-
O-M bond angle variation on amorphization. Following the
hypothesis proposed by Hosono et al.14,15, amorphous struc-
tures of multi-cation metal oxides are preferred for large areal
uniformity. Due to non-directional nature of ionic bonding
in these materials, the charge carrier mobility is preserved
on amorphization, in comparison to conventionally used a-Si,
where the directional nature of covalent bonds deteriorates the
mobility in amorphous structures16. One such multi-cation
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amorphous oxide semiconductor is amorphous indium gal-
lium zinc oxide (a-IGZO), which has shown Hall mobilities as
high as 15 cm2/V.sec16–20 and is now being adopted by the dis-
play industries. a-IGZO based TFTs have found application
in various areas, such as large area AMOLED displays21,22,
high-resolution photo-sensors23,24, flexible TFTs25,26, inter-
active displays27,28 etc. However, it is claimed that due to the
presence of multiple cations of different ionic sizes, the elec-
tronic conduction path is hindered, which limits the carrier
mobility29. As an alternative to multi-cation amorphous metal
oxides, a multi-anion approach towards amorphous semicon-
ductors has been proposed and is being investigated exper-
imentally and computationally29–36. Amorphous zinc oxy-
nitride (a-ZnON), as a multi-anion amorphous semiconduc-
tor, has shown a great promise as a viable replacement of a-
IGZO and the electron mobilities (Hall mobilities) exceeding
200 cm2/V.s have been experimentally reported36. Challenges
related to stability of the a-ZnON compositions and fabrica-
tion of thin film transistors utilizing a-ZnON as active layer
are being addressed experimentally and continuous improve-
ments in device structures and device characteristics have
been reported33,36. To realize the full potential of single cation
multi-anion approach towards amorphous semiconductors, it
is essential to understand theoretically how the electronic con-
duction is differentiated between multi-cation and multi-anion
amorphous semiconductors. It is also necessary to compre-
hend how to approach complex multi-component amorphous
structures computationally, to optimize properties that are im-
portant to fabricate stable, high-mobility thin-film transistors.
In the present work, we have studied computationally gen-
erated structures of multi-anion amorphous material a-ZnON
and compared their electronic structure with that of multi-
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FIG. 1. Atomic arrangement in (a) a-ZnON-21 and (b) a-ZnON-11. The polyhedra shown in unit cells represent different coordination of Zn
with the anions (O/N). Colors used for atoms are as follows: Zinc- grey, Oxygen- red and Nitrogen-blue. Visualization software VESTA1 is
used for the visualization of the amorphous structures and polyhedra formations.
cation a-IGZO. The electronic structures of the two materials
are calculated using first-principle density functional theory
(DFT), to understand key differences between the two and
to understand the relation between structural and electronic
properties of multicomponent amorphous materials. The pa-
per is organized as follows; In Sec-II, the structural details of
computationally generated a-ZnON structures are discussed,
emphasizing that the generated structures of different com-
positions are indeed amorphous in nature. Following this, in
Sec-III, the electronic structure of a-ZnON is examined and
compared with that of multi-cation a-IGZO to highlight the
differences in electronic conduction in multi-cation and multi-
anion amorphous semiconductors. The interdependence of
structural and electronic properties of multi-component amor-
phous materials is described in Sec-IV, in which direct corre-
spondence of the structural details with physically measurable
quantities like electron mobility and the effective mass is ac-
centuated. Conclusions drawn based on this work are summa-
rized in Sec-V.
II. STRUCTURE OF AMORPHOUS ZINC OXY-NITRIDE
(a-ZnON)
Amorphous structures of zinc oxy-nitrides (Znx+1.5yOxNy)
were generated for two stoichiometries of x:y (O:N) ratios of
2:1 (Zn42O24N12) and 1:1 (Zn60O24N24), hereafter referred to
as a-ZnON-21 and a-ZnON-11, respectively. We used an evo-
lutionary algorithm based code USPEX (Universal Structure
Predictor: Evolutionary Xtallography)37–39 to generate the
amorphous structures following the methodology proposed by
Nahas et al.40. A large number of structures, obtained from
USPEX for each composition, were sorted according to their
energies and the structures having no undesirable bonds and
densities > 85% of the theoretical density of corresponding
crystalline structures were selected for further analysis. De-
tails of the structure generation and sorting are provided in
the supplementary information (SI-I) and the representative
unit cells for both the compositions of a-ZnON are shown in
Fig.1.
We performed a detailed structural analysis of selected
structures to calculate average bond lengths (ABL) and av-
erage coordination number (ACN). The average bond lengths
for Zn-O and Zn-N bonds in both the compositions of a-ZnON
were found to be very close to the bond lengths in c-ZnO and
c-Zn3N2. The polyhedra shown in Fig.1 suggest that most
of the Zn atoms have either 3 or 4 coordination with anions
(O/N). The average coordination number (ACN) of Zn with
anions was found to be ∼ 3.5 for both compositions, which
is slightly less than the values of c-ZnO and c-Zn3N2 (both
having 4 coordinated Zn atoms with respective anions41–43).
We attribute this difference to the fact that amorphous struc-
tures have densities in the range of 85%-91% of the theoreti-
cal density, resulting in more open structures. We also calcu-
lated radial distribution function (RDF) and running coordina-
tion number (RCN) for the selected amorphous structures and
found absence of any long-range order and hence these struc-
tures were confirmed to be amorphous in nature. Detailed
structural analysis of a-ZnON-21 and a-ZnON-11 structures
is provided in the supplementary information (SI-II).
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FIG. 2. (Color online) Electronic pseudo-band structure and PDOS plots for (a) a-ZnON-21 and (b) a-ZnON-11 compositions and for (c)
a-IGZO-1114 and (d) a-IGZO-2217 compositions. These plots are constructed for a representative structure from each type and composition.
Colors used for different orbitals are shown below using a qualitative color bar.
III. ELECTRONIC STRUCTURE OF a-ZnON AND a-IGZO
By nature, amorphous structures lack long range period-
icity, making them difficult to be treated using DFT, which
works best for periodic structures. However, DFT can still
be employed, by making large unit-cells of amorphous mate-
rials with random distribution of atomic species. Electronic
structure calculations were performed using plane-wave code
Quantum Espresso with Perdew-Burke-Ernzerhof (PBE) ul-
trasoft pseudo-potentials44–46, using a kinetic energy cut-off
of 50 Ry, along with a 4x4x4 Monkhorst-Pack k-point grid
for the relevant reciprocal space integration.
The representative pseudo-band structures (a-d) and the
corresponding orbital-resolved partial electronic density of
states (PDOS) (e-h), for the two compositions of a-ZnON
and a-IGZO, are shown in Fig.2. All amorphous structures
were generated in the same way as discussed earlier, except
for a-IGZO-2217* (2217 represents the atomic ratios of In,
Ga , Zn and O) structure, which was obtained from the pre-
vious work of Divya et al.47. a-IGZO-1114 (1114 represents
the atomic ratio of In, Ga, Zn and O) structures were taken
from our previous work40 and all the structures have densities
in the range of 85%-91% of the theoretical densities of their
crystalline counterparts. An apparent band gap at the gamma
point shows the semiconducting nature of these amorphous
structures. An important difference between the PDOS of a-
IGZO and a-ZnON is that the valence band edge of former is
made of oxygen-2p orbitals (red), while the valence band edge
of latter is made of nitrogen-2p orbitals (blue), which is also
consistent with observations reported in literature30,32,34,48–51.
The conduction band edge of a-ZnON is primarily made of
Zn-4s orbitals, while in a-IGZO, the conduction band edge is
dominated by In-5s orbitals but significant contributions from
other metal s-orbitals can also be seen from the insets in PDOS
plots of a-IGZO.
While most of the recent literature on a-IGZO attribute
overlapping In-5s orbitals as the electron conduction path
through the structure48–51, one of the earliest articles re-
ported overlapping Zn-4s orbitals as the conduction path in
a-IGZO52. In our calculations for a-IGZO, we see signifi-
cant contributions form Zn-4s and Ga-4s orbitals to the CBM
in PDOS plots (Fig.2 g-h). To quantify the contributions of
various metal s-orbitals, we calculated the percentage contri-
bution based on the projection of wavefunctions on atomic
basis formed as a linear combination of atomic orbitals, us-
ing the method implemented in QE code53. The spilling pa-
rameter, which is indicative of mismatch between plane-wave
wavefunctions and its projection onto the atomic basis, was
found to be very small (0.0019 - 0.0026) for all compositions.
In Fig.3, we plot orbital resolved (metal-s orbitals only) band
structures in the vicinity of CBM and in Table.I, percentage
contributions of metal-s orbitals towards total density of states
at the CBM are listed. From Table.I, we see that the contri-
bution of Zn-s orbitals is about 50% at the CBM for a-ZnON
structures. For a-IGZO, contributions from different metal-s
orbitals are comparable and the contributions from Zn-s and
Ga-s orbitals (in comparison to In-s orbitals) cannot be ig-
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FIG. 3. (Color online) Orbital-resolved electronic band structures; for s-orbitals of three metal cation (In, Ga and Zn respectively) (a), (b), (c)
for a-IGZO-1114 composition; (d), (e), (f) for a-IGZO-2217 composition. The contribution towards CBM from s-orbitals of Zn metal cation
for (g) for a-ZnON-21 and (h) a-ZnON-11 compositions. (i) shows the difference in curvature of the CBM for a-IGZO and a-ZnON structures
(Color bar shows the color gradient for fractional contribution from different orbitals under consideration).
a-ZnON-21 a-ZnON-11 a-IGZO-1114 a-IGZO-2217
Orbital PDOS % Orbital PDOS % Orbital PDOS % Orbital PDOS %
Zn-s 55.53 Zn-s 49.90 In-s 29.10 In-s 35.76
N-s 14.79 N-s 21.09 O-s 22.78 O-s 22.23
O-s 13.01 O-s 7.24 Zn-s 20.11 Ga-s 16.29
O-p 3.59 N-p 4.62 Ga-s 14.92 Zn-s 11.71
N-p 2.55 O-p 2.31 O-p 9.50 O-p 11.02
TABLE I. Contributions of various orbitals towards the conduction band minimum (at the Γ-point) in two different compositions of a-ZnON
and a-IGZO. These values are calculated for a representative structure from each type and composition.
nored. The contributions towards CBM from different metal-
s orbitals also follow chemical composition, as evident from
the higher Zn-s contribution in a-IGZO-1114 in comparison to
a-IGZO-2217. From the orbital-resolved band structure plot
in Fig.3 also, we can see that the contributions of different
metal-s orbitals, in the vicinity of CBM, are comparable for
a-IGZO compositions. Hence, we argue that the electronic
transport in a-IGZO should be through overlapping s-orbitals
of different metal cations rather than only In-5s orbitals, as
cited in several papers48–51. For a-ZnON compositions, the
highest contribution towards CBM from Zn-4s orbitals is also
clearly evident here. A comparison of the curvature at CBM
for a-IGZO and a-ZnON compositions (thus comparing the
effective mass of the two qualitatively) is shown in Fig.3(i).
From this composite conduction band plot, the higher curva-
ture at CBM for a-ZnON is apparent, signifying its lower elec-
5tron effective mass, which can be related to the higher electron
mobilities observed for a-ZnON semiconductors.
In a-IGZO, electron mobility also depends on the carrier
concentration (due to the percolation mechanism of electron
transport54,55) and increasing In content in the structure in-
creases electron concentration (due to increase in oxygen-
vacancies), which explains the observed higher mobility.
While increasing Ga content, electron carrier concentration
decreases and hence the measured mobilities are compara-
tively low17,54,55. It is very difficult to deconvolute the role of
cations in electron transport from the measured electron mo-
bilities, without including the effect of carrier concentration
due to oxygen vacancies. Though, the formation of oxygen
vacancies in ionic oxide semiconductors is mainly governed
by the thermodynamics of material system, it also heavily de-
pends on the processing conditions, such as partial pressure
of oxygen during thin film deposition (sputtering) and/or sub-
sequent annealing. In the next section, we discuss electron
transport, at atomic scale, between empty outer s-orbital of
two adjacent metal cations in terms of orbital overlap integral
to understand the role of metal cations in forming the electron
conduction path through these amorphous semiconductors.
IV. ORBITAL OVERLAP INTEGRAL AND ELECTRONIC
CONDUCTION
In the previous discussion, we argued that the electronic
conduction path must be through overlapping s-orbitals of dif-
ferent cations in a-IGZO and overlapping Zn-4s orbitals in
a-ZnON. Therefore, the ease of electron transport (electron
mobility) must depend on the nature and extent of overlap be-
tween these orbitals. In the following discussion, we attempt
to quantify the overlap between outermost s-orbitals of dif-
ferent metal cations in these amorphous semiconductors and
relate the overlap to physically verifiable quantities such as
electron mobilities. Orbital overlap integral (OI) between dif-
ferent orbitals is a measure of overlap between single electron
wavefunctions in these orbitals. Orita et al.52 argued that for
electron transport in oxide semiconductors, the orbital over-
lap integral (OI) for metal-s orbitals should be greater than
0.4 and the fraction of metal cations forming the conduction
path should be above a percolation threshold of 20%. From
the second condition, it is perceptible that in a-IGZO compo-
sitions (1114 and 2217), the electron conduction path can not
be formed by only a single type of metal cation and hence, in
a-IGZO, the conduction path must be through overlapping s-
orbitals of different metal cations, while in a-ZnON, the con-
duction path is through overlapping Zn-4s orbitals. To under-
stand the contribution of different metal-s orbitals and their
overlap, we calculated overlap integrals between outermost s
orbitals of different pairs of metal ions, for both compositions
of a-IGZO and a-ZnON. We followed Mulliken’s formulation
for calculating overlap integrals for Slater-type atomic orbitals
(STOs)56. The formulation used in our calculations is given
in supplementary information (SI-III). The numerical integra-
tions were carried out using MATHEMATICA57. Different
structures for the two compositions of a-IGZO and two com-
positions of a-ZnON were analyzed to calculate pairwise or-
bital overlap integrals. A cut-off distance of 4 Å was chosen
to be the radius of the interaction sphere around each metal
cation and all other cations in the interaction sphere were
assumed to have overlapping s orbital with the metal cation
in the center. Table.II shows the number of metal ion pairs,
their average distances R (Å) and the orbital overlap integral
(OI) for outermost s orbitals, calculated at average distances,
for the two compositions of a-IGZO and a-ZnON. The total
contribution from a particular metal ion pair per unit volume
(Number of Pairs * OI / volume) is also shown in Table.II,
which can be compared between different compositions and
the sum over all pairs is considered for a-IGZO. We notice a
marked difference in the calculated overlap integrals for pairs
of similar cations (Zn-Zn, In-In and Ga-Ga) with similar aver-
age cation-cation distances, compared to the values reported
by Orita et al.52 and the orbital overlap between any pair is
also less than 0.4, which was proposed as a criteria for forming
electron transport path. We ascribe this deviation to the slight
difference in way the orbital overlap integrals are calculated.
The orbital overlap integral values for different metal-cation
pairs range from 0.13 to 0.30, as shown in Table.II. All these
cation-pairs should form the conducting pathways for electron
transport, however, with varying ease of electron transport be-
tween two overlapping orbitals, with higher overlap integral
providing less resistance to electron transport.
The sum of all pairwise orbital overlap integrals, normal-
ized to volume (total normalized orbital overlap integral),
gives us a parameter to compare electron transport among dif-
ferent structures and compositions. It should be noted that the
orbital overlap integral would strongly depend on the density
of the amorphous structure, as with increasing density the av-
erage distances between metal cation pairs would decrease.
For two different compositions of a-IGZO, the total normal-
ized orbital overlap integrals are very similar with slightly
higher value for a-IGZO-1114 composition compared to a-
IGZO-2217. From Table.II(a), it can be seen that the number
of pairs for mix cations is much higher in comparison to the
number of pairs of similar cations for a-IGZO. The value of
overlap integral is found to be the highest for Zn-Zn pairs,
but since the number of pairs are limited, this overlap can-
not be solely responsible for the electronic conduction in the
material. From the table, it is also evident that for a-IGZO-
1114 composition, the main contribution to overall electron
transport comes from electron transport between In-Zn, Zn-
Ga and In-Ga cation pairs, and for a-IGZO-2217 composi-
tion, the main contribution is from electron transport between
In-Ga and In-Zn metal-cation pairs. These results are also
consistent with our observation of the contribution of differ-
ent metal s-orbitals in conduction band of a-IGZO (Fig.3 and
Table.I). For single cation amorphous structures, such as a-
ZnON, electron transport path is always through overlapping
s-orbitals of Zn-Zn metal-cation pairs. Since there is only one
type of metal-cations present in this system and the average
distance between Zn-Zn ions is smaller than pairs of any two
cations in a-IGZO, the orbital overlap is higher for a-ZnON
in comparison to a-IGZO. Also, owing to the large number of
such pairs with higher orbital overlap, the total normalized or-
6(a)
a-IGZO-1114 a-IGZO-2217
Voume=1148.19645 Å3 Voume=1152.70734 Å3
Pair No. of Pairs R (Å) Overlap Integral OI*Pairs/Volume No. of Pairs R (Å) Overlap Integral OI*Pairs/Volume
Zn-Zn 16 3.44 0.256 0.00357 3 3.48 0.248 0.00064
In-In 15 3.60 0.186 0.00243 25 3.52 0.200 0.00434
Ga-Ga 14 3.43 0.134 0.00163 22 3.31 0.154 0.00294
In-Zn 39 3.48 0.226 0.00768 32 3.51 0.222 0.00615
In-Ga 45 3.43 0.174 0.00681 56 3.53 0.157 0.00761
Zn-Ga 39 3.28 0.222 0.00756 28 3.36 0.206 0.00500
Sum 0.02966 0.02669
(b)
a-ZnON-21 a-ZnON-11
Volume=1081.7498 Å3 Volume=1506.9619 Å3
Pair No. of Pairs R (Å) Overlap Integral Pairs*OI/Volume No. of Pairs R (Å) Overlap Integral Pairs*OI/Volume
Zn-Zn 232 3.27 0.291 0.06231 337 3.23 0.299 0.06693
TABLE II. Pair-wise orbital overlap integral for metal cation pairs in case of (a) a-IGZO, two compositions and, (b) a-ZnON, two compositions,
at their average distances within a cut off radius of 4 Å, selected to be the radius of the interaction sphere.
bital overlap integral for a-ZnON is much higher (more than
a factor of 2) compared to a-IGZO and hence, we may ex-
pect the electron transport to be much easier in a-ZnON. From
literature16–20,31,36, we know that the measured Hall mobili-
ties for a-ZnON are much higher compared to a-IGZO, which
is consistent with higher values of normalized orbital overlap
integrals, observed from our calculations, for a-ZnON com-
pared to a-IGZO.
Although we cannot directly relate the total overlap integral
with measured values of hall mobilities, there is an apparent
correlation between the two. Carrier mobilities in any material
depend on the effective mass and the scattering time constants.
The scattering mechanisms in amorphous semiconductors are
not clearly understood and often difficult to measure or calcu-
late. The carrier effective mass, on the other hand, can be esti-
mated from the electronic structure of material and can give us
valuable insight regarding carrier transport. From the pseudo
band structures of a-IGZO and a-ZnON in Fig.2, the bottom
of the conduction band appears to be symmetric around Γ
point and effective mass is calculated by fitting a parabola in
small k-range of ± 0.1 Å−1 in Γ-X direction at the minima
and taking the inverse of the curvature ( 1m∗ =
1
h¯2
( ∂
2E
∂k2 )). Since
the structures are amorphous, the effective masses in three dif-
ferent directions might be slightly different, owing to differ-
ent arrangements of ions in the three directions in real space.
We took the average by calculating the effective masses in all
three (Γ-X, Γ-Y and Γ-Z) directions. As shown in Table.II,
for a-IGZO-1114 and a-IGZO-2217 structures, the electron
effective mass was estimated to be 0.21 me and 0.22 me re-
spectively. While these two values are nearly same, they are
small compared to the measured values of 0.34 me19 for elec-
tron effective mass in a-IGZO but in agreement with calcu-
lated values reported in the Ref.18. For a-ZnON-11 and a-
ZnON-21 structures, as shown in Table.II, the estimated elec-
tron effective masses are 0.17 me and 0.16 me respectively,
which also match closely with previously reported theoreti-
cal value of 0.19 me for electron effective mass in a-ZnON32.
FIG. 4. (Color online) Correlation between the effective mass
and the total normalized orbital overlap integral (OI * Number of
Pairs/volume) for different structures of a-IGZO-1114, a-IGZO-
2217*, a-ZnON-21 and a-ZnON-11 compositions. Same is also
shown for c-ZnO and c-Zn3N2.
The smaller electron effective mass observed in a-ZnON com-
pared to a-IGZO, suggest faster electron transport in a-ZnON.
Our earlier discussion on total normalized orbital overlap in-
tegral also had a similar observation and hence we expect to
see some correlation between two calculated values; the effec-
tive mass and the total normalized orbital overlap integral58.
The difference in calculated electron effective mass between
a-IGZO and a-ZnON is not enough to explain the differences
in observed electron mobilities in these two materials. The
difference in total normalized OI explains the observed dif-
7ference in mobilities to a better extent but still may not be
adequate58. To explore this correlation, we plot (Fig.4) the ef-
fective mass and the total normalized orbital overlap integral
for different structures of a-IGZO-1114 (three structures), a-
IGZO-2217* (one structure), a-ZnON-11 (five structures) and
a-ZnON-21 (five structures) compositions. For comparison,
we also plot the estimated effective mass and calculated or-
bital overlap integrals for c-ZnO and c-Zn3N2. From the plot,
we can see a strong correlation between effective mass, calcu-
lated using ab initio method and the total normalized orbital
overlap integral which is calculated from the structural infor-
mation. Hence, we can use the normalized orbital overlap
integral as an estimate for the carrier effective mass and the
carrier mobility, for comparison between amorphous struc-
tures. The measured Hall mobilities strongly depend on depo-
sition parameters and electron concentration and hence, a di-
rect correlation between measured properties (Hall mobility)
with calculated values (effective mass or total normalized OI)
can only be qualitative, representing a trend to facilitate fur-
ther exploration rather than being definitive. Among the two
calculated properties; the effective mass and total normalized
OI; the total normalized OI seems to relate better with mea-
sured mobilities.
V. CONCLUSIONS
A multi-anion approach towards amorphous semiconduc-
tors has distinct advantages over multi-cation based amor-
phous oxide semiconductors. Comparison of electronic struc-
tures of the two materials systems (a-ZnON and a-IGZO)
highlights the role of cations and anions in the electronic
transport. While the electronic conduction in a-IGZO is found
to be through overlapping empty s-orbitals of mixed cations
and so it also depends on composition (ratio of cations), in
a-ZnON, the electronic conduction path is through overlap-
ping Zn-s orbitals and is independent of composition (ratio of
anions). The ease of conduction in these amorphous structure
can be estimated in terms of extent of overlap between empty s
orbitals of metal cations. The total normalized orbital overlap
integral is shown to have a direct correlation with calculated
carrier effective mass, this correlation can be used as a quali-
tative estimate for the observed electron mobilities. Effective
mass calculations based on ab initio DFT calculation of elec-
tronic structure are computationally expensive, on the other
hand, the calculation of the total normalized orbital overlap
integral as an estimate for carrier effective mass can be done
on for many different amorphous structures or structural aver-
ages from many amorphous structures can be calculated with
very small computational expense. Calculation of the pairwise
orbital overlap integrals for different metal cation pairs also
provides an insight into the role of individual metal cations in
forming the conduction path in multi-cation amorphous struc-
tures which is not straightforward from the DFT calculations.
While single structure based DFT calculation are limited in
their scope, calculations based on many structures or averages
of many structures, such as generated by evolutionary algo-
rithm based codes, should give us better insight into the av-
erage properties and role of individual cations/anions in these
materials and can be used effectively while predicting proper-
ties of new compositions of amorphous semiconductors.
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